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FOREWORD

This report consolidates the information gathered during Phase I of the helium
recovery study concerning helium usage and availability. The report includes

tabulated source data, calculations, and vendors' quotations to support the
conclusions presented.

The overall design study consists of three volumes:

Volume I Synopsis of a Design Study of a Helium Recovery System for
MIIA.

Volume II Final Report of a Design Study of & Helium Recovery System
for MIIA,

Volume III Helium Usage and Recovery Equipment Supporting Data
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HELTUM USAGE AND AVAILABILITY

A. GENERAL

Phase I of the helium recovery study was concerned with the amount and
sources of recoverable helium at the following locations:

l. Saturn V System.

a. Launch Complex 39 MILA¥*
b. Industrial area.
c. Various checkout buildings.

2. Saturn IB System.

a. Launch Complex 3k4.
b. Launch Complex 37.

The use of helium that have been established are:

1. Blanket gas for 211 LH, propellant tanks of the Saturn V and Saturn IB
vehicles.

2. Ullage pressurization of all tanks on all Saturn V and Saturn IB stages.
3. Pressure testing of all tanks of Saturn V and Saturn IB vehicles.

L. Pressurized draining and purging of all tanks of the S-II and S-IVB
stages.

5. Pressurization of control spheres for various subsystem checkouts and
tests.

6. Thrust chamber purge and cooldown of S-II and S-IV stages.

T. Pressurization and purging in Apollo system checkout.

8. Regeneration of the proposed helium purification system at the con-
verter-compressor facility of Complexes 34 and 37. (No helium
purification unit is presently planned for the converter-compressor

facility of Complex 39.)

9. Inerting of the LHp transmission fill and drain line.

*Launch Complex 39 is defined as the vehicle assembly building, compressor-con-
verter facility, and the pad areas.



This report summarizes the data collected and revised during Phase I
and 1lists the quantity and location of all helium used and the quantity

and location of recoverable helium if economics dictate that recovery
should be made.

The helium referred to throughout this report is Grade A helium. The
Saturn V Apollo program also has requirements for Grade AA helium for
checkout of the Apollo spacecraft. Since present information as to
the availability, exact purity requirements, and uses of this grade is
limited, this source of recoverable helium is excluded from the report.
It appears that the quantity involved is negligible.

B. GROUND RULES AND BASIC ASSUMPTIONS

The following ground rules and basic assumptions have been established
with NASA-KSC for this study:

l. A recovery system is defined as that system which captures and
holds contaminated helium, purifies it to Grade A quality, and
returns it to the storage facility for reuse.

I\

The meximm time that contaminated hellium shall remsin at Cape

Kennedy is 2 weeks, i.e., all contaminated helium in storage
must be processed within 2 weeks after a vehicle has been pro-
cessed either at the pad or the VAB. Contaminasted helium is
defined as all helium that has been released from storage for
checkout and launch purposes, and all leakage.

3. Economics shall be based on an amortization period of 10 years
and a payout period of 5 years.

4, The cost of helium shall be $3.50/lb. f.0.b. Amarillo, Texas,
or $h.50/lb.* delivered at Cape Kennedy, including 15 days
demurrage.

5. Cost of returning contaminated helium from Cape Kennedy to the
Bureau of Mines for purification shall be 80% of that charged
for shipping Grade A helium to Cape Kennedy. This helium re-
covery scheme will not be considered in this study.

6. Liquid helium storage or transport shall not be considered in
this study. It shall be assumed that helium is delivered to
Cape Kennedy in high-pressure railroad cars.

¥*See "Report on Long-Range Helium Transportation Optimization Study for NASA,
KSC, MILA" by United States Department of the Interior, Bureau of Mines, Helium
Activity for a revised cost of helium delivered at Cape Kennedy.
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T- The following cost factors shall be used in this study:

a. Power - 1.225¢/KWH
b. Water - 10¢/1000 Gallons
¢. Plant operation labor rates:

. % Fringe
Classification Rate¥* Benefits
(1) Superintendent $ 192.70/week 20
(2) Assistant Superin- 161.5k /week 20

tendent
(3) Operator 3.44 /hour ‘15
(4) oOperator Helper 3.24k /hour 15
(5) Maintenance Man 3.44 /hour 15
(6) Maintenance Helper 3.29/hour 15
(7) Material Handler 2.57/hour ‘15

d. Delivered price of cryogenic liquids and propellants to Cape
Kennedy shall be as follows:

(1) 1INy - $ 39.50/ton
(2) 10X - 38.25/ton
(3) LHp - 1700/ton (0.85/1b.)

e. NASA General and Administrative Rate - 10%.

f. No interest charge is included for investment funds (cost of
capital financing).

8. All helium recovery equipment within the complex shall be designed
in accordance with the following (whichever is greater):

a. Overpressure experienced during a normal launch; no allowance
is included for a catastrophe.

b. Hurricane wind velocity of 125 mph.

c¢. The storage container shall be designed to sustain 75 mph winds;
for hurricane winds it is contemplated that the storage con-
tainers will be deflated and covered.

9. The checkout and lasunch of one Saturn V Apollo vehicle will normally
be performed within a 58-working-day period (one 8-hour shift per

day, 5 days per week). The checkout and launch cycle for one Saturn
IB is 40 days (one 8-hour shift per day, 5 days per week) at Launch

¥labor rates listed do not include fringe benefits.

..3-
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Complexes 34 and 37. The checkout and launch procedure for the Saturn
IB is to be identical with thet of the Saturn V, except for those
operations which are duplicated due to the location of the Saturn V

at checkout. For example, whereas the Saturn V is pressure tested

at both the VAB and the pad, only one such operation is required on
the Saturn IB, since all checkout and launch operations are performed
at the same location.

C. DISCUSSION

1.

Saturn V.

A detailed tabulation of the helium used for each Saturn V checkout
and launch operation is presented in Table I. This deta was developed
from the rates and quantities stated in the Saturn V Vehicle Fluid
Requirements, Drawing Numbers 13M50096 (S-IC), 13M50097 (S-II), and
13M50098 (S-IVB) in conjunction with checkout sequence obtained from
the various personnel at Kennedy Space Flight Center, Cepe Kennedy,
Florida, and Marshall Space Flight Center, Huntsville, Alsbama.
Appendix A shows sample conteminant calculations, and Appendix B
contains & report of the personnel contacted and data obtained.

Figure 2 illustrates the welght of recoverable helium per day based
on a checkout and launch sequence requiring a 58-working-day schedule.

Figure 3 illustrates the total volume of contaminated helium'per day
of a 58-working-day checkout and launch schedule.

Saturn IB.

A detsiled tabulation of the helium used for each Saturn IB checkout
and launch cycle is presented in Table II. This data was developed
from rates and quantities gtated in Saturn IB Vehicle Fluid Require-
ments, Drawing Numbers 13M20097 (S-IB) and 13M20098 (S-IVB). This
dats was used in conjunction with a checkout and launch sequence
identicel with that of the Saturn V vehicle, but modified by deleting
one each of the identical operations performed on the Saturn V at
both the VAB and pad and by substituting a checkout and launch cycle
of 4O working days.

Figure 1 illustrates the weight of recoverable helium per working day
based on a checkout and launch sequence requiring a 4O-working-day
schedule. Figure 1A illustrates the volume of recoverable contaminated
helium per working day of a 4O-working-day schedule.

Contaminents in the recoverable helium were calculated by the methods
shown in Appendix A, Sample Calculations, and are included in Tebles
I and II.



D.

E.

CONCLUSIONS

1l. Saturn V.
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The total quantity of Grade A helium gas required for the checkout
and launch of one Saturn V - Apollo space vehicle is 69,491 pounds.
Of this quantity, it is feasible, though not necessarily economical,

to recover 55,307 pounds.
the following locations:

VAB 25,398 1b.
Pad 27,779 1b.
Industrial Area 630 1b.

Compressor-Converter Facility _1,500 1b.
55,307 1b.

The recoverable helium is available at

Of the remaining 1k,184 pounds, 2,745 pounds are lost as part of the
flight requirements, and 11,439 pounds are physically unrecoverable.
The average composition of contaminated helium recovered from the

Saturn V is as follows:

VAR Onlv
Helium 97.4%
Nitrogen 2.6%
Hydrogen 0.0%
Oxygen 56 ppm

2. Saturn IB.

Pad Only Campogition
90.5% 93.8%
3.1% 2.8%
6.4% 3.14%
0.0% 27 ppm

The total quantity of Grade A helium gas required for the checkout
and launch of one Saturn IB space vehicle is 16,005 pounds. Of

this quantity, it is feasible to recover 12,500 pounds.

All re-

coverable helium is obtained at pad 34 and/or pad 37, since all
checkout and launch operations are performed in the pad area. Of
the remaining 3,505 pounds, 950 pounds are lost as part of the
flight requirements, and 2,555 pounds are unrecoverable.

The overall composition of recoverable contaminated helium associated
with the Saturn IB is helium - 93.0%; nitrogen 2.3%; hydrogen L.T7%;

and oxygen - 4O ppm.

SUPPORT DATA

Appendixes A through E contain information supporting the conclusions pre-

sented in this study, as follows:

1. Appendix A shows sample calculations used to determine helium usage

and average impurities.




2.

5.

6.
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Appendix B consists of a detailed report of the cost and usage data
obtained from NASA during a trip to KSC.

Appendix C contains letters of quotation and technical discussion
from the various vendors contacted as potential suppliers of helium
storage equipment. A trip report covering information obtained at
Lewis Research Center is also appended.

a. Birdair Structures, Inc.

b. Goodyear Tire and Rubber Co., Industrial Products Division
¢. Geophysics Corporation of America, Viron Division

d. Reeves Brothers, Inc., Vulcan Division

e. General American Transportation Corp.

f. Trip Report - Lewis Research Center

Appendix D contains letters of discussion and quotation from vendors
contacted concering the helium compressor requirements.

a. American Instrument Co., Inc.
b. Fuller Campany Division of General American Transportation Co.
c. Rootes-Connersville

Appendix E consists of a listing of the documents and drawings pro-
vided by NASA concerning the vehicle lsunch site.

Appendix F lists the various commercial sources which were consulted
for technical, estimating, and cost information, including the broad
experience of Air Products and Chemicals, Inc.
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APPENDIX A

SAMPIE CAICUIATIONS

GENERAL ASSUMPTIONS

In the Vertical Assembly Building it is assumed that no limitation, other than
economic, exists to the provision of piping for recovering helium from the ve-
hicle.

On the Mobile launch Structure no additional piping is allowed. For preliminary
considerations, however, it is assumed that where necessary the RP-1 and ILOX
fi11-drain transmission lines can be tapped. The economlc feasibility of this
will be determined later in this study.
1. Semple calculation for:

Blanket pressurization.

Vehicle checks.

Propellant utilization calibration purge.

Purge prior to transport.

Calculations will be for the S-II IHo fuel tank, although they are typical

for the other tanks. Since these operations all are performed at the VAB

and since they will occur sequentially and/or conmcurrently, the calculated

impurity level is averaged over all four operations. Specific assumptions
for these operations are:

a, Tank is initially filled with nitrogen at O psig pressure.

b. A blanket pressure of 5 psig is applied every night and relieved every
morning.

c. The vent line is left open for 7 hours during each work day to maintain
atmospheric pressure in the tank. This results in diffusion of air
into the tank through the vent line.

d. Only half of the helium involved in the 20 vehicle checks is recover-
able. The other half is lost to the atmosphere in the process of per-
forming the vehicle tests.

e. The vehicle is transported to the ped with 5 psig pressure of pure helium.

Blanket Pressurization.

Volume of S-II IHp fuel tank = 38,400 £t.3 For 5 psig pressure every night,

A-1
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requires
v = (38,400) (5) = 12,800 scF
(15)
or W = (12,800) (4% )= 133 1vb.
He (386)

For 45 days this is

v = (h'S) (12:800) = 575,000 SCF
He

W = (45) (133) = 5,960 1n.
He

Add volume of N, initially in the tank.

\'4 = 575,000 + 38,400 = 613,400 SCF
Total

Vehicle Checks.

Twenty pressurizations to one-half flight ullage pressure (15 psig), or

W= (38,400) (1) (15) (20) (&) = 3,980 1v.
He @) () (386)

Only 1/2 is recoverable, or

W
He

3980 = 2,000 1b.
-

v

(386) (2,000) = 193,000 SCF
(%)

Pressurization Utilization Cslibration Purge.

For a time period of 1 hour, using purge rate of item 2.17, Drawing 13M50097,

W = (62.7) (60) = 3,760 1b.

He

\J = (3,760) (386) = 363,000 SCF
(L)

\

Purge Prior to Transport.

By item 2.17 of Drawing 13M50097,
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W = 3,260 1b.

He

' = (3,260) (386) = 314,000 SCF
He (%)

Since trensported to pad with 5 psig tankful, subtract

v = (38,400) 2_23) = 51,000 SCF
15)

Recoverable helium is

v = 314,000 - 51,000 = 263,000 SCF
He
W = 263,000 (4 ) = 2,730 1.
He (386)
Tmpurities.

Initial tankful of Nz.
v = 38,400 £t.3

Diffusian into open vent.

This can be estimeted from the generel time dependent diffusion equation

. 2. .
o7 9 Deir- He 87 oir
8z°
Where Mmair = moles of air
g = time
Dair -He = mass diffusivity coefficient
Z = length

The solution to this partial differential equation is the error integral
which is plotted in McAdams, Heat Transmission, third edition, page 39.
Using this solution, the concentration of air in helium in the vent line

at the end of seven hours can be plotted. The mass diffusivity coefficient,
Dgir-He , can be estimated from equation (8-12) of Reid & Sherwood, Proper-

tles of Gases and lLiquids. ,
- 1/2
I:(MHe)+(M oir)]

Dgir-He = .001858 T3/2{(MHe) (M gir)

2
2 He-air Qp

A-3
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The values of Zye.qir a0d {p &are given in the reference. Calculatiomn gives

Dgir-ve = +69 Qf

Sec

For a vent of constant cross section, the concentration of air in helium
averages 30% in a 20 ft. length (0% beyond 20 ft.) at the end of 7 hours.
Applying this result to the S-II LH2 fuel tank (2 - 7" vent lines) gives
8 volume of

v o= (3) _ I (7/120%  (2) (20) (45) = 15 £5.3
air I

or

v = 115 ft.3

' = 30 £t.3
02

Adding the 115 ft.3 nitrogen to the initial tankful of 38,400 ft.3 shows
it to be negligible.

The total volume of recoverable contaminated helium is

613,400
193,000
363,000
263,000
1,432,500 £t.5 (appraximately 14,324 1b.)

Average nitrogen lmpurity

% 1o} = 38:515 = 2'7%
1,432,k00
Average oxygen impurity
%0 = 30 = 20 ppm
1,532,400

Sample calculation for purge after LOX load test on S-II IHp fuel tank.
Assume tank initially filled with hydrogen at -50°F.

' = 530 (38,400) = L49,600 SCF
H L10
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By item 2.47 of Drawing 13M50097

W = 2,425 1b.

He

v = 2,125 (386) = 234,000 £t.3
He (%)

\ = 283,600

Total

= 49,600 = 17.
% Hy gfoo T.5% Ho

3. Sample calculation for IH2 load test on S-II LHo fuel tank. There are three
operations involving heliwm -

a. Ullage pressurization
b. Pressure-drain of Ly
¢. Inerting of 1IH, tank
Fram Drawing 13M50097

a. Item 2.3

W = 210 1lb.
He

b. Item 2.30

w = 2,000 1b.
He

c. Ttem 2.47

W = 2,425 1b.
He
Total weight of helium = 4,635 1b.
v = (4,635) (386) = L47,000 SCF
He (%)
Impurities.

If the assumption is made that the collection of impure helium begins at
the time the liquid interface passes the point which defines the closed
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system to be purged, the amount of hydrogen included in the helium will

be determined by boiloff and diffusion and by pockets of nondrainable liquid
in the tank. Using methods similar to those in No. 1 above, the amount

of hydrogen due to boiloff and diffusiomn is

o

Nondrainable liquid remains in the triangular space above the common -
LaX bulkhead and below the L, fill-drain line. The dimensions are approxi-
mately 2 £t. by 10 inches right triangle on a 33 foot diameter, or

210)
v = (2) (B) (33) = 86.8 st
) (%)

W = (87) (4.b2) = 383 1. H
i

There are also five suction lines to the engines of 6-inch dismeter and
approximately 2 ft. in length which account for another 9 lbs. Thus, total
Ho

75
383
9
E671b.52
v = 467 (386) = 90,000 SCF
Hy (27)
\/ = 537,000 SCF
Total
2H = 90,000 = 16.7%
537,000

Calculations for pressurized helium bottles. For all helium bottles, the
amount of gas used 1s obtained from the applicable items listed in Drawings
13M50096, 13M50097, and 13M50098. For miscellaneous tests at the VAB, it
is assumed that the gas is pure and that only one-half of the total used
is recoverable, the remainder being lost to the atmosphere during the vari-
ous tests.

Calculation for inerting of LH2 cross-count
I.D. pipe, 1,800 ft. long:

v = II (102 (1,800) = 980 £t.3
@) (38)

4
+h
94
I=
\
Eh
o
[
]
ke
[=4
a
L ]
kx
]
H
[
Q
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No reference is available to determine amount used to inert. If assumed
to require less than 1% Hp, use appraximetely 100 volumes of helium or

\{ = (100) (980) = 98,000 £t.3
He

W = 98,000 4 = 1,000 1b.
He 380

At pad 37B, this purge takes 1/2 hour. If the purge rate for the S-II LH,
tank (26.4 1b./min.) is used, (item 2.47 of Drawing 13M50097)

v = (26.4) (30) = 800 1b.
He

Since there is reasoneble agreement between these two wvalues, use the higher
value, 1,000 1b. For the four purges which are recoverable, the line con-
tains two volumes of hydrogen vapor at saturation conditions,

P = .08 /et

v = (2) (.08) (980) (386) = 30,200 rt.>
(27)

Hp

v = (k) (98,000) = 392,000 £t.3
He

v = 422,200 £t.3

Total

% = 30,200 = T.2%

Hp 522,200



NAS10-1472

APPENDIX B

Air Products and Chemicals, Inc. August 11, 1964

Trip Report of D. Kelemen, D. McGinnis, and P. Fennema
Helium Recovery Study of MIIA
NASA Contrect Number NAS10-1hkT2
APCI Project No. 00-L4-1165

The following summarizes the helium usage informatiomm
obtained from various persomnel within NASA who are
directly associated with the Saturn V and Apollo Pro-
gram.

This report covers the period fraom August 2 through U
at Huntsville, Alabama and August 5 through August 9
at Cape Kennedy, Florida.

It should be noted that several discrepancies exist
between the information obtained from the various
sources. No attempt has been made to resolve these
discrepancies at this time, but merely to report the
data obtained.

B-1
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ERRATA SHEET
TRIP REPORT

HELTUM RECOVERY STUDY FOR MIIA

The below listed corrections and/or additions have been prepared for incorporation
as shown into the Trip Report, dated August 11, 1964, "Helium Recovery Study
for MIIA".

1.

2.

3.

15.

Revise LN, price in item la, page B-i to $39.50/ton.
Change item 3, page B-6 to read psia.

Add the following after first sentence of item 5, page B-6 (probably 3 to
4 times per test). .

Revise second sentence of item 6, page B-6 to "of one shift per day

"

normal . . . . o .

Delete second sentence of item 9, page B-6 in its entirety and substitute
the following sentence. "The first two purges are to inert the fuel system
before and after the hydrogen load test and a third purge is to inert the
fuel system after precooling the fuel tank prior to loading of ICOX.
Substitute the word "head" for "heel" in second line of item 12, page B-6.

Su‘gstitute the word "spheres" for "cylinders” in first line of item 13, page
B-6.

Delete the words "is not permissible" in item 2, page B-7 and substitute
"can be avoided (by-pass)".

Substitute the word "helium" for "mitrogen" in item 4, page B-T.

Revise second sentence of item 5, page B-7 to read: "is presently "O" leak-
age with soap bubble test for 5 minutes per joint".

Chenge temperature of item 2a, page B-T to read minus 320°F.

Change temperature of item 2e, (2), pege B-7 to read 250°F.

Revise person contacted to read: Messrs. E. Fannin, W. Backus, J. Humphrey.
Add the following after the word "bottles" in item la, page B-9 "in LXK tank".

Revise second line of item lc, page B-9 to read: ....temperatures once
with RP-1 aboard and once without RP-1 aboard.

B-2
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17.

19.

20.
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Substitute the word "vehicle" for "engines" in item 2a, page B9.

Change second line of item ha, page B-10 to read: ....three times to pad
safety at 1000 psi.

Add the following at the end of the third sentence of item La, page B-l0.
(This operation may require that the bottle pressurization be performed more
than once.)

Modify the first line of item 5, page B-10 to read as follows: The LH> supply
line is purged before and after use . . . . . is obtained.

Delete table listed under item 4, page B4+ in its entirety and substitute
the following:

TANK CAPACITY - WATER VOLUME FT.
STAGE RP-1 L& 1
S-IC  29,k7h  u7,k95 |
S-II 12,910 38,400
S-IVB 2,828 10,457

The S-IC RP-1 and LOX tank msterial is aluminum 2219-T87. The S-II Lﬂi and LOX
tank material is aluminum 2014-T6. The S-IVB IH2 and LOX tank material is alumi-
num 2014-T6 although the S-IVB tank is insulated on the inside. The type of
insulating material as furnished by Douglas is unknown to the Future Studles
Branch at this time.

B-3
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Monday - August 3, 1964

Persons Contacted: A. R. Raffaelli, NASA
G. Bottomley, Chrysler (assigned to NASA)

General introduction and orientation.

Persons Contacted: Messrs. M. D. Beck and G. Budy (GSE from MSFC)

Messrs. Beck and EBudy discussed their group's function and requested that they
be contacted during Phese II and III of this study for the purpose of determining
the compatibility of proposed recovery schemes with existing hardware.

The afternoon was spent in general discussions with Messrs. Raffaelli and
Bottomley as summarized below:

1. The following delivered prices to Cape Kennedy of cryogemnic propellsnts and
liquids were stated:

a. INp - $57/ton
b. LOX - $38/ton
c. IH, - $1460/ton  ($0.73/1b.)
2. The following factors to be used for this study were recelved:
a. Power - 1.225¢/KwH

b. Operation Iabor - APCI to use same retes presently experienced at
Patrick AFB LOX Plant.

c. Iabor Efficiency - To be determined by APCI

3. Actusl helium used based on purchasing records for Saturn launches of SA-5
and SA-6 were given as

a. SA-S5 33,340 1bs. of helium
b. SA-6 22,163 1lbs. of helium
NOTE: S-~IV was operational on both vehicles

k., The following tank capacities were received:

Stage 1Ep Tank LOX Tank
S-I1 38,400 Cu. Ft. 12,910
S-IVB 10,457 2,828

B-k
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The following ground rules applicable to this study were discussed:

a. At present, it is contemplated to deliver helium to Cape Kennedy in high-
pressure railroad cars and not &as a liquid.

b. Equipment within the complex is required to withstand the overpressure
experienced during normal launch.

¢. Only normal launch will be considered in this study although some con-
sideretion should be given to expendability of equipment in case of a
catastrophe.

d. Economics shall be based on:
(1) Ten (10) year amortization period
(2) Five (5) year payout period

The KSC Operation Plan (preliminary), consisting of several mamuals, was
reviewed. The following information concerning helium usage wes extracted:

a. Page 6.,10.3.3 - One Saturn V checkout and lsunch is pnecucted to require
7,784,000 SCF (77,840 1b.) of helium.

b. Page 6.10.3.4 - One Apollo checkout and launch is predicted to require
200 SCF (2 1b.) @ 6000 psig.

Tuesday - August 4, 1964

Person Contacted: Mr. B. H. Adams

The following information was received fram Mr. Adams and associates:

1.

2.

All tanks of all stages arrive at Cape Kennedy with 3 - 5 psig nitrogen ex-
cept the S-IV tank for which helium is specified.

Contimious helium purge of hydrogen tanks are performed using the pressur-
izing line as inlet and the drain line as outlet. The following data applies:

Stage Rate Time Supply
S-II 624 /min 52 min 600 psig
S-IVB 20# /min 50 min 600 psig

NOTE: Venting of helium purge is expected to be accomplished through vents
exiting external to the VAB.

Pressure test IH2 fuel tanks at following pressure:



10.

13.
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Stage Rate
S-11 20 - 25 psig
S-IVB 20 - 25 psig

NOTE: Full working pressure of these tanks is 4O psig.

One pressure test of helium spheres is performed in VAB at 1500 psig. The
pressure in the spheres may not exceed 1500 psig in VAB for safety reesons.

The subsystem checkouts require pressurization of control spheres for approxi-
mately 12 tests at VAB. Doubt was expressed at the recovery possibility
from the control spheres during these tests.

Allowance should be made for the additional helium usage because of one shift
per week normal operation which would require that all tests be completed
within an eight hour day or restarted.

All fuel tanks are pressurized to 3 - 5 psig with helium prior to de-
parturé of Mobile Iaumnch Structure with vehicle aboard from the VAB to the
pad.

A full pressure test is performed at pad on all control spheres at design
temperatures. :

A propellant load test and two purging operations will be performed at the
pad. The first purge is for inerting the fuel system after the hydrogen
load test and the second purge is to inert the fuel system after precooling
the fuel tank prior to loading of LOX.

NOTE: During the load test, the fuel and oxidizer tanks will not be filled
simuitaneously.

The pressurization of the control spheres is required for two additional
gsubsystem tests at the ped.

The fuel tank insulation is on the inside of the S-IVB stage and on the out-
side of the S-II stage. The material of the S-II fuel tenk is an aluminum
alloy.

Because of the position of the 1H2 fuel teank drain line, a two foot heel
of IH, remains in the tank after draining.

Helium cylinders are presently used in the S-IVB stage to drain the LOX tanks
after a cryogenic load test.

Person Contacted: Mr. N. Porter

The following information was received from Mr. Porter:

B-6
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The helium supply lines on Mobile Iaunch Structure were discussed. The
present design has two 3" double extra strong lines supplying helium to
Mobile Iaunch Structure with only one line, 2.3" ID, approximately 300 ft.
long, 6000 psi service, ascending the tower.

A capability exists to vent the helium lines at bottom of the Mobile Iaunch
Structure. Backflow through the helium filters is not permissible.

The proposed procedure is to blow down the 6000-psi helium line to atmos-
pheric pressure prior to transporting the Mobile Iaunch Structure back to
VAB or parking area.

A positive pressure is then maintained in helium lines using nitrogen.

The estimated helium loss asgssociated with the Mobile Iaunch Structure helium
lines is 0.5 cc/min per fitting.

Persons Contacted: Messrs. T. White and R. Barclay

The following information was received from Messrs. White and Barclay:

1.

The blowdown loss expected in each CCF helium campressor is approximately
500 SCF (5 1b.)/compressor/day. Five (5) compressors are planned for Com-
plex 39. The contaminants are oil, alr, and water.

Helium is to be used in regeneration of cold trap purification system. Since
the design of this unit is incomplete, the following information was provided:

a. Initial conditions:
minus 350°F, 6000 psi

b. Totel contaminants to be based on 10-hour operation at 750 SCFM (7.5
1b.) helium containing 500 ppm impurities (80% N, and 20% O ).

c. Total volume of system
15 CF water volume
d. Bed volume
3 CF water volume
e. Proposed reactivation procedure
(1) Depressurize bottle to 1 atm gage

(2) Heat to 350°F in closed system bleeding excess pressure

B-7
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(3) Purge and cool with pure helium till helium purity is 50 ppm

(4) Repressurize bottle to 6000 psi for standby

3. Compressors for Complex 39 are Joy Compressor having 110-125 psig suctionm,
6000 psig discharge (capability to 10,000 psi discharge), and 150 SCFM.

L. The replenishment rate at Complex 37 is 2 hours/day, 7 days/week. Present
"~ practice 1s to pump helium treilers down to 200 psig minimum thereby elimi-
mating contamination of the tube traillers.

Wednesday - August 5, 1964

Persons Contacted: Messrs. J. B. Stone, W. Paulus, J. Jason

The following estimated quantities of helium required for each launch of the
following wvehicles were obtained:

Satum I.

S-I Booster 200,000 SCF (2000 1b.)
S-IV 2nd Stage 1,970,000 SCF (19,700 1b.)
Saturn IB.

S-IB Booster 400,000 sCF (4000 1b.)
S-IVB 2nd Stage 3,940,000 SCF (39,400 1b.)
Saturn V.

S-IC Booster 2,000,000 SCF (20,000 1b.)
S-II 2ud Stage 15,760,000 SCF 5157,600 1b.)
S-IVB 3rd Stage 3,940,000 SCF (39,400 1b.)

The quantities of kelium required for Saturn IB and Satwrn V were estimated using
the following:

Saturn IB = 2 x Saturn I
Saturm V = 10 x Saturn I

The accuracy of these estimates is not kmown. These quantities are assumed to

be order of megnitude quantities of helium for these future programs. In additionm,
the initial checkout of the VAB will require 18.5 million SCF (185,000 1b.) and

4 million SCF (40,000 1b.) for each launch pad. -
Persons Contacted: Messrs. E. Famnin, J. Backus, R. Humphrey

The following information was obtained from this group which is associated with
mechanical aspects of launch vehicle:
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A fifty-eight day check-out and assembly schedule is assumed. During this
time the ILOX and IHo tanks of the S-ITI and S-IVB stages are kept under a

3 to 5 psig blanket pressure with helium. This pressure is relieved approxi-
mately 45 out of the 58 days to accommodate various tests requiring the tanks
to be at atmospheric pressure. The blanket pressure of 3 to 5 pesig is al-
ways applled overnight even if an operation is not completed. During this
time, it 1s possible that an additional purge will be required following

the opening of one or more tanks for inspection and/or repair. This opening
of the tank is not a normal operation but has occurred in the past.

Specific information applicable to each stage is as follows:

1.

S-IC Booster

a. The helium bottles are pressurized to 1000 to 1500 psig at ambient temper-
ature appraximately 40 times for various tests at the VAB.

b, The bottles are pressurized 3 or 4 times to 1000, 1500 psig and at ambi-
ent temperature at the pad and once to 3000 psig at cryogenic tempera-
tures.

c. The fuel tank is pressure tested to flight ullage pressure at ambient
temperatures twice with no RP-1 aboard.

d. The LOX tank 1s cycled once at the pad to flight ullage pressure with
no LAX aboard, followed by pressure test to the same pressure with LOX
aboard.

S-II 2nd Stage

a. The LOX and LH, tanks are pressurized to 1/2 flight ullage pressure ap-
proximately 20 times for engine checks in VAB.

b. The helium bottles are pressurized approximately 4O times to 1500 psig
for various tests at VAB.

c. There is a one hour purge of the LOX and IH, tanks to achieve -65°F dew
point for the calibration of the propellant utilization (P.U.) probe.
This purge is accomplished by opening fill-drain valve and purging through
pressurization valve.

d. There is a purge with grade A helium prior to moving vehicle to pad,
prior to propellant losd tests, and prior to loading r flight.

e. Purging of the extermal insulation om IHp tank is regulred prior to pro-

pellant loed test and prior to flight.
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3. S-IVB 3rd Stage

All operations are the same as those for the S-II stage with the exception
of the purge of the LHp tank insulation which is not required on this S-IVB
stage.

k. PEngines
a. S-IT stage has 5 engine control spheres which are purged for 5 minutes
end pressurized three times to 5 psig. Venting is accomplished through

the engines. These bottles are also pressurized once to approaximately
600 psig for a leak check. Operating pressure is 1250 psig.

b. S-IVB stage has one engine control sphere on which the same operations
are performed as for the S-II stage engine control spheres.

5. The LHy supply line is purged after use until a purity of better than 99%%
helium is obtained. This purge normally takes ome half hour on pad 37B.

Thursday - August 6, 1964

Persons Contacted: Messrs. T. White, M. Hellingsworth, wW. Bain

The campressor-converter facility which services Complex 34 and Complex 37 was
visited. Helium is delivered to the facility in tube trailers of 40,000 SCF
(400 1v.) capacity each. Helium is expended fram the initial trailer pressure
of approximately 2400 psig to the compressor suction pressure of 120 psig with
the pressure in the trailer tubes maintained above 200 psig minimm. The 3
Cardair compressors of 140 SCFM capacity each charge the helium to the high-
pressure storage areas at each complex at a pressure of 6000 psig. Helium is
lost during the initial purge of the trailer-to-compressor connecting lines,
and during compressor blowiown at the end of each charging operation.

Persons Contacted: Messrs. W. R. Meyer, R. Engel, R. C. Butterworth

For the IEM fuel pressurization system, approximately 55 lbs. of helium is needed.
This quantity is used three times in the industrial area for checkout operatioms
and is loaded once on the pad for flight. The flight operating pressure is 4000
pelig.

For the service and command modules 90 pounds of helium is used for the purging
of the propellant tanks. These tanks also are helium pressure tested at approxi-
mately 300 psig or 1-1/2 times the 200 psig operating pressure. The fuel tank
has a capacity of 2000 gallons and the oxidizer tank bhas a capacity of 2500

gallons. Approximately 200 pownds of helium is used in the propulsicm systems

A - . EN A

checkout of the service module., This test is performed twice.

Negligible amounts of grade AA helium are used for purging the fuel cell.
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Person Contacted: Mr. C. F. Brinkman

Confirmation of information received from W. R. Myers, R. Engel and

R. C. Butterworth from an Industrial Area facilities standpoint. The industrial
area has several 10,000 psig storage tubes only now holding helium at 6000 psig.
Helium will only be used in the following five bulldings of the Industrial Area:

l. Spacecraft Operation and Checkout Facility
2. Environmental Control Systems Building

3. Support Building

i, Hypergolic Test Bullding

5. Cryogenic Test Building

The only significant uses of helium in the industrial area are those quantities
used for checkout of the Service Module and the Iumar Excursion Module.

Unrecoverable and negligible amounts will be used for welding and instrumentation

S PO R v

checkout in the industrial area.

Person Contacted: Mr. L. S. Barris

Present plans are to equip completely only two highbays of the VAB with helium
and other high-pressure gases and services. A 2" gaseous nitrogen line 1s the
only existing vent planned; helium is to be vented directly in the bullding.
(Design ventilation of VAB calls for cne air change/hour.)

APCI was promised detall drawings of VAB plans, VAB area, and a piping flowsheet
by the Future Studies Group of KSC, Huntsville.

Friday - August 7, 196k - AM

Person Contacted: Mr. R. Burns

After initial introduction, there was a visual orientation of Complex 39, spe-
cifically the Mobile laumch Structure assembly and erection area, crawler-
transport, assembly area, VAB, Launch Control Center, Campressor-Converter Facili-
ty, crawlerway, and Pad A.

Friday - August 7, 1964 - PM

The final stop was at Complex 37B for a visual orientation of an existing o
ational launch facility. A study was made of the type of attachments and ¢ on
nections commonly used for vehicle loading and of the type of ports which might

be available for vent gas pick up.

%

Vo
34

B-11




O APPENDIX C O
7ok IDIRIDANIR Sewetures, Ine.

BUFFALO INDUSTRIAL PARK
1800 BROADWAY
SUFFALO 12, NEW YORK

November 13, 1964

Air Produets and Chemicals, Inc.
Post Office Box 538
Allentown, Pennsylvania 18105

Attention: Mr, D. L. McGinnis, Cost Engineer

Gent lemen:

Please excuse the tardiress of our reply to your inquiry of 8 October 196hL.
The requirements themselves are cifficult to understand and the solution is
certainly not clear cut. We do telizve, however, that there is a strong element
of functional and operational fe:zsibility. Whether the economics involved will
prove favorable or not remains tc be szen. ‘

The basic concept of the flexitle low nressure helium collector, as we
have furnished it to NASA (Lewis Lab), consists simply of a gas tight hemis-
pherical envelope (including flocr diaphragm) constructed from a high quality
Hypalon-coated nylon fabric. This envelope is in turn housed within a
hemispherical air supported structure (a la radome design) of the same size and
shape. A common anchorage attachment is utilizeds The outer "weather shell"
takes all of the inflation and aerodynamic loads, and, of course, the brunt of the
exposure. Its material would be selected on the basis of the envirommental
requirements. Although demountatle and portable, it is in a strict sense a
permanent installation in that it requires a fair amount of site preparation and
a good anchorage footing (in the sizes with which you are concerned).

The inner, helium collection bag is not required to resist any loading,
except the pressure differential of its own weight and such buoyancy loads which
result from partial filling. When fully extended by the helium, it bears against
the outer weather shell. A pressure relief valve must be provided in the charge
line to prevent over inflation. The helium charging and storage pressure must
be equal to the inflation pressure of the outer envelope (normally 1 to 2 inches
of water). '

BIROATRIEZN
B W\, ~

=== Alsve.

N—
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Air Froducts and Chemicals, Inc. -page 2~ November 13, 1964

In the oririnal NASA unit the helium taz wis only the coated fabric.
This 4id result in sliehtly higher l9sses and conbarination than was desired for
their particular application. Th: subsequent unit (and the original, reworked)
was provided with a laminate of Mrlar and foll adizd to the inner helium bage.
This significantly improved the gis-holding performance, but we, frankly, have
some reservations about the overall life of the cumbined material (with respect
tn dolamination) under aonditions of ropeated flexing. The ccated fabric, foil,
Mylar, and laminating cements all have different elastic characteristics and

there is no long term exposure experience on the cement under these rather unique
requirements.

Birdair's recommendation is that the overall system concept provide
for adequate purification equipme 1t , thus permitting the helium bag to be of the
coated fabric construction only, rather than imposing a severe permeability
requirement which would be exceedingly difficult to meet and even tougher to !

maintaine We believe this to be 1 realistic approach and the proper basis for
evaluation.

In review of your descrintion of the general requirements (page one of
your letter), we offer the follow.ng comments:

(a) The maximum collection volume of 920,000 scf would require either oné
150 ft. diameter hemispherical structure, or two 120 ft. diameter structures.

(b) The 6000 scf/minute collection rate would represernt no problem.

(¢c) The helium collector would prosumably be located remote to the tower and J
vehicle. We suggest that it be at least 300 ft. away to minimize launch blast
and heat. The ducting of the helium collector would be the responsibility of
others, '

(d) As previously noted, the helium collection would normally be subjected to
1 to 2 inches of water back pressure, plus any duct friction losses. If this /
can not be tolerated, I presure thzt a pumping stage would have to be added
(by others).

(e) Relative to wind velbcity peri‘ormance, our normal design velocity would be

'?,_lim. An increase in design vind severely penalizes the design in that
oading increases as the square of the velocity. :

The following is in reply to your specific (page two) questions:

1. We compute that the helium permeability leakage rate from a 150' hemispherical
dome would be in the order of .2 cu. ft./?lL hours,; or .1l en. ft./2 hours
for a 120' dome. These presure no "mechanical" leakage. Unfortunately, we
can not guarantee leakage rates because we, frankly, have no means of
determining or pre-testing this factor. We can offer only the assurance of
"best effort" in providing a gas-tight construction. We can, of course, stop
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any mechanical leak (by appl - caticn of a patch) that the customer can locate
and idertifye. Ve are unatle to rrovide any meaningful indication of the
inward contaminate leakage.

2. See our prior description:

(a) As indicated, in the size¢s required, the unit is essentially a fixed
installation.

(v) Flexible construction; hemispherical shape.
(c) 1. Helium bag, Hypalon-coated nylon.

2. Outer "weather shell," neopreneaccated nylon, Hypalon painted exterior.

(d) The 150 ft, diameter hemispherical collector can be considered as about'u,
the upper end of the practical size range at this time.

3. With material as described atove, the system could be assumed to havé a life
of 10 years, with the outer envelope beirg repainted 1 every two to three

vears (h:qcﬁ on continucus EXpPOSUTS /e .

v =2 W AAY AdARN L

acceptable structure is the selection of a qualified supplier who can of fer
"proven performarce."

L. There are no general "design standards," per se. The best assurance of an ,/

5. The limit on rate of fill is mostly a function of the duct exit velocity and:
the. resulting impingement of the gas on the envelope. Violent flapping of
the fabric is to be avoided. We would nonnally recommend limiting the exit
velocity to less than 50. fta/sec. .

6. Based on the recommended configuration discussed above, in these larger size
structures the cost of the helium collector system (less footings and
installation) is estimated in the range of $.15 to $.20 per cu. ft. _

7. See previous comments.

I hope that the above will prove helpful in your evaluation. We would,
of course, be pleased to have an opportunity to be of further service if your
studies indicate a basic feasibility.

Very truly yours,
BIPDAIR Structures , In#.

(//é«ﬁ(f

Vice President - Sales

bts
encl. (brochure, "Meet the Airshelter")
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BUFFALO INDUSTRIAL PARK
‘ 1800 BROADWAY
! ' SUFFALO 12, NEW vou‘

December 23, 1964

Mr. D. L. McGinnis

Cost Engineering Department

Air Products and Chemicals, Ince.
Post Office Box 538

Allentown, Pennsylvania 18105

Dear Mr. MeGinnis:

It seems that I.am habitually apologizing for my tardiness in replying
to your requests. This isn't a very good way of getting off on the right foot,
but our proposal-quote commitments have had us working around the clock this
past couple of weeks.

The foliowing enciosures are forwarded for your presemtation use:

1. Birdair Corporate Brochures (5).

2. Airshelters' promotional piece, "™aet the Airshelter" (6).

3, Two Architectural Forum article reorints (1 each).

. Buffalo Courier Express Sundzy Supplement (1).

! 5. Photo reproduction of our Telstar Hadome, end Canadian D.0.T. Radome (6 each).
6. Material sample, typical helium collector, inner envelope (1).

The above should provide some.gauge.of our abilities to cope with
urusual requirements and satisfy requirements for both large and unique
structures. We hope that this information reaches you in time to be of use.

Very truly yours,
BIRDAIR Structures, Jnc.

@‘c

Alvin C. Smith,
Vice President - Sales

bts

encl.

TELEPHONE: (CODE 716) 896-5100 [ ] TW;.: (CODE 716) 858-1094 L] CABLE ADDRESS: BIRDAIRBUFFALO (y. 8. A.).
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PsSe As requested by telcon with your Mr. Kellerman, we advise that there would
be no risk of a structural ~upture of the inner bag alone. It, plus the
outer bag, could, of course, be ruptured by overfilling (over pressurizing).
Birdair does not provide anv sufeguards against this beyond specifying
that the customer must plac: a relief valve in the helium charge line, set

to approximately 3-L inches (water gage) differential. Nomal inflation
pressure would be in the or.ier of 1,5 ineches,
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Telophone TX6-5100 BUFFALO INDUSTRIAL PARK
1800 Broadwey
Butfule 12, New York

Pebruary L, 1965

AIR MAIL

Air Products and Chemicals, Inc.
Post Office Box 538
Allentown, Pennsylvania 18105

Attentions Mr. D, L. McGinnis, Ccst “niineer
Subject Helium Storage Contadirers

References (A) Your telcall Januery 15, 1965
(B) Birdair Letter Novembor 13, 1554

Enclosuret (A) Two copies, Birdair Propristary Dwg. PSL=3«27
(Far reference purposes only

helium storage containers as specified in the Referemce (B) letter ani as
briefly outlined below.

We concur with you that the Pirdalr sir supported helium gas storage
container system is most suited fcr your applicaticn in storing large volumes
of gas economically. The proposec materials will provide maximum life and will
withstand the specified wind load: of 75 miles par hour..

CJ

Dear Mr. McGimiss
Per your request of Jamusvrv 15, 1965, Birdair Strmotures, Inc. is
pleased to surmit the following irforrmation and budgetary estimates for the

As a matter of backgrounc information, Birdair respectfully submits
that to the best of our knowledge we developed acnd febricated the first flexible,
air supported helium storage contriner in the United States. The program was
accomplished for the Cornell Aero: autical Laberatories in the year 1958 and the
system is still in active use. Since tiis initial effori, Birdair has engaged
in six additional design and mamufacturing mograms relating to helium gas
storage and salvaging operations.

The following briefly dercribes the systen which Birdair proposes and
includes such qualifications and clarifications as deemed neceasary.

c-6
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57871 TUSCRITTION

The basic system would cons!st essertially of an innor and outer
envalore, anchorage system, and &« pr-ssurization system.

Envelonosgs

1. Innor envelode would be a hemlsphesical elcwant (wines specified bclow),
proided with a ground diaphzigm awd anchoraz: svstem. The inner envelope
wofTY) require bird cages to irev:ni the envolope from closing off the exit
onining during helium deflation 7p’rauions. Ths fabric material for the
1oz envelope would be Hypalonecoited nylon. Sonstruction would utilize
ptsy) ints. The cnvelope wonld minloy a rensd :dre pipe skirt for anchorage
pl;L\ cess Sultable reinforcci ;s conncction oteninga in the grourd
diaparazm would be provided for " achment ‘o flan?od pipes. Location of

opcnings would be specified t 7 ths cuastomer,.

2. O “@ envelora yould e a herisnierical eloment, constructed of neoprenee
Hu T nylon fabric with the itorior paiu\od with whitc Hypalon paint. A1l
8¢y QL would be ccmerteds This envilope won™d ha nrovided with a roped edge
p'@s&kirt for anchorage, in idd.t.on to a zinparod flap-type personnel
acccas door for inspection purponons Two 8Y diazzeter, lightweizht window
asscably would be provided in the outer eiwelope at eye level. A hooded vent
wo be provided in the croui arene The crowva area will contain a crown
wi.,h an eyebolt to facilitete install:ztion, ronoval, inspaction and
ropxire A service rope will e cttached o Gho *ve’c\olt for inspection and
rcbai.r purposes. The outer ciwelope will bo nquip-:sd with a rain slidrt to
faﬁilitate water rnnoff and t» protect thn anchorags hardware.

3¢ Decirn Conditionss The propoied structur: would be designed for wind loads

OI\/S pho

L. acet Rirdair would pro-ide 1olled »inc scctions and bolts for anchors
a concrete pad or base rirt (by others)s The rolled pipe anchorage

is cormon to both the .nner and ouher envalores.

Se DPrescurizetion Systems The pressurization -ystian would consist of two
blovers with shuttors to prev mt bsck dra’™ and notors suitable for outdoor
installation, Blower control: aro for indo:zr installation., As requested,
a gasoline-powered emergency ;enexrctor would rot e furnished.

6. Sempling tubes Birdair would prcviie one tite, 3/8" diameter, of suitable
plastic material, attached to the inner surfzca of the outer envelope,
running from the inner crown of the outer er-velope down to and out through
-the outer envelope in the vicinity of the accens cpeninge
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7. Iorzir Xi4: Pirdair weuld provide a febric rapsir kit suitable for making
minor repairs to both the inrar rnl outer euval:cpes.

8s Mizcellancouss 1. Birdair womld rovice dntalled installation, malntenance,
and repair irs:ruction:,
2. Birdalr sold rovide 211 ascessary design and engineering
1liaison r3la-ivo to the 3lrdair offering.

9. Inst-llation: Birdair would srovlle the scrvis:s of one factory represontative
v¢sapervise the installatiore 7hn estimatnd manpowver and equipment required
thers) for the installation ajpears in a later section of this proposale

The followling lists the ainimm volunes of helium to be stored, the
291 sines of hemisprerical co-tiiners propoead for this budgetsry
quotat I6n, and the t otal volume ¢ aclcs:d by the peotosed unitss

Volue of Premosed
Cas To Ee Koo of :
Stored Hed -xem Spherieal Total Volume
Iten (U] (4n en. £t.) Systms_ Nioweter (in cu, ft.)
1. 1,150,000 2 1300 1,150,350
2. 2,810,000 I o 2,873,510
3. |[])| 3,515,000 X 1501 3,534,300
Lo 5,850,000 1 1200 )

F!stmricd Bud~etary Prices (FOB Cips Ximnedy, Flerida)

1. 130" diameter crstoan $220,000
2. 140" diemeter orstonn 450,000
3. 150" diameter & ratean 510,000
Lhe 130' diametor ¢ rohbens and

150 diameter s rcteas 855,000
Dellvery

Since the fabric materie's 4o be usel in the atove envelopes are
specially desizned for this appli:stion, and 3inca firm delivery promises were not
obtained from our suppliers at this tine, we can only estimate at present that
the delivery of the first unit woi1ld Yo approximatsly 20-2L weeks AJR.O. with
each additional unit delivered ap wro:irately 3l weeks thereafters
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Lt e R LARTNY AT T Xat )
A ’JI- I\' L I.:. I.-‘..‘.LT‘,‘_'I

Tha following inforraticn 45 submitted tc &saist you in planning and
budrobing £orr the concrete found:rtio: installation, and the initial installation
of the heliun storage system: »

A. Toundation Rcguirements: A congrele curt 9 rojuired with a cross section
of € smuare feete The carbing giculd »e rod minfoirced to pravent any
spreading in the event ¢f crasks in tro corcretes The inner diameter

arca ghould be completely c:vared with a fine graln sand, black ¢ op,
or ccncrete, to prevent abr-osion of this inrcr cnvelope ground diaphragme
Be It

tallation Equipment and M:uno-er Requircmente:s To accomplish the initisl
inst21lation (under Bir:air sapervieion), 4t i3 estimated that the
follcring equipaent and aanpoier (te ba furniched by cthiers) would be
necessary, por units

Laborers: 8 men fcr 3 days = 2l man days
Blectrician: 1 mar for- 2 days « 2 man dgys
1 Crane = 100'=125* boom with cperator

N, (30 ton) - 2 days on site
1 Porklift truck _ -~ 3 days on site

in eviryllrespect and contains all .th: information yoa requested; #lso, that your
custen=/will decide favorably ir th> use of this system. If you have any
further questions or require further sssistarce, rlease do not heeitate to
contaiﬁ. us. ' :

D’ds trust the informatior coatiined herain is complete and satisfactory
‘Yery tmly yours,
/’ EIMDAIR Structures, Inc.

Arnand N.o DeMarchi, Sales Engineer

bts




Soptenbor 15, 1964 - -

A 0 e @5 88t e Wad® b5t e @ 0000 b B Y- e -

Mr. A. F. Pelds i
Department T22 ' i'
Industrial Products Division :
Goodyear Tire & Rubber CO. !
Akron 16, Ohio {

1

Dear Mr. Fields: -

- This 18 a confirmatioh of our tolcphone conversation of 9/15/6h concerning
"tho use of Viron products gs possivle gas storege containers for racovered

, ‘helium with small quantitics of nitrogen, oxygen and hydrogen presonte
.. The helium will bo rocoverdd from various preparatory operations performed

- At o —dennaane P asaled n®) - Paany
on tho Saturm V launch vehiclcs ab seoven seoparate locations

' ' - within a rough square four miles on a aide.

annwd
SViae

ained

" A colloction and/or storage copability of 60,000 1b, or 6,000,000 scf ovor

" " a period of two woeks is required.
* 1+ 920,000 scf por one working doy at one laocation.
. would be loss than 50,000 sof por one working dsy over a 45 day period.

The main rectriction pleced on this rocovory uyntcm is thnt no now or
additional ecquipzmont is to be addod to the operational structures.
are that tho rocovery cquipment is not to interfere in any way with tho .
. launch preporation oporations. All recovery opcrations are to be pertonnod
- such tha.t 1o back pressurce is placad on the source of tha helium.

" A design condition 1s that the storaze equigxmant be denisned to \vrithntand i

-~

vinds of lmrricana force (125 mph ox «28psi

AS thu time, wo request the following womtion from yom

2)

Storage containor leakage and diffuaion ratas o honun out

and econtaninants 4in

Type (a) of storage ntructure (s) recomended e
" a) fixed or mobile , o

b) igid, somi-rizid o froo=form -
¢) materials of construction
a practical size Unita a.nd empty veighte

. C'-]:O- . “‘.- : ;I.! :‘ : . |

The moximum amount collected would be
Tha minimum amount eo].lecboﬁ

i

- Exact colloction rates vary but the maximum rato 1s approximntoly 6000 scr/
minuto. .

|

.\\

by
A

\\

teo.

Others
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e Goodyear it re&labboeGorapruty

2750 N. BROAD ST.
HILADELPHIA 32. PA,

T e L5, 1005
AT -10 ovs & Chierdenl o, oo,
- . O. 4J ;3\.;
AL nlona g, ITonno.
Ablas Lre Do L. MeGinnis, Cost irc., Licoromical DTvaluntion

Jubjs  olium Storaze Demon:
Guatslumen:

With rcference to rour letter ~ad tolehone conversation
with our Akron, Tl=ant, i1¢ or: lecascd bo sabmit 2 sugcested
dzsign and COut cstimatc, based on » 2 1illion cubic Toot
wd a 1 nillion cubic 1coL dome.,

tachod are conies of Toodyeri duwne 3065-T769 which is a
100 ft. dismcter Helium Stc@rsge Dot ¢rvwle of storing
o orozxirately 2 million cubic fect. A 1 nillion cubic foot
Donic would be av:roximatcly O £fH. in diamcter.

We ostimate cost ac Fellows:

21 Mrst Uit 2 or rore Units
g'oo,obo
~» 1 idlien 3¢C.F. 3 80,357.70 /éf,/sef 3 61,488.00 cachl/RY/scr
-'2"’“‘ .L‘i.ml ;BICIF. loo,l—), .C‘() ’o‘¢/’cF 8!-, 590 OO C'lCh S%F
e
ma3s Moy 10thi. Proxira, 0B Rockr ~15, Georgia. This
crtim~te is subj et o the :mms 21 conditions

asachoed.

W sronosce to furnish 2 conccentric beos vith ~ir chorber
between which is »ressuriszed to ay rox. .28 »si, denending on
wvind conaitions. Thus t1i1c otter b will romain fully inflatcd
~t 211 times, acting as o w.o-ther 2hicld for the irmcr bag
which will risec or fall, dcvtndin; 0. b cir nregssure in the
chmber ~nd thce amount o h:lium in She inmar Lag.

-

Iach 100 £t. din. dome would contain obout 2 rillion S.C.F.
We would construct the owber by fror 2 roterial similar to
that uscd in our Radomes. he teunile qu:ngLL of this outcr
by will be 350x350 1bs. o sa. irel =ud e materiol will
woigh ~o-roximately 33 o:s. - or sa. G.  Wike inner baz naterinl
wlll hove a tensile of 350x71% 1lbs. or ¢, inch ~nd will weigsh
23 roximatecly 31.1 oz. Dor e 2

Le”

FiL

c-12



Ve estovet tile diffh sion rete, Tt oon testing with

T
iiydrog.un, to be less th-u C,1 liter cer sa. meber in 24
hours ant 1.0 inchcs wat r rogsurc.

Fo elrmnins bars, 'loverss or olher hardware is ineluded

Y
Jin this estimate. Suscivision will be furrished through the
cr.ction ~nd test sequecic:c. A crenc, furnished by you, will <K

»e reouirced at the creciion site. Gneb inmer bsg will be
chucked for leaks and pinholss aftcs erection. Defore
leaving our »lant, cach by will te errcoted for over-nressure
tests to assurce the strlcbvral inte,rity of the bag.

If you have any further question or rcquire information
of =~ny sort, »nlcasc do ot hsitatc {to contact me at:

Goodycalr Tir:» and Rubher Co.
P. 0. Bcx 1037
Allentovn, 2 o2nna.

Phone: 264-3029

We wish to thank ycu for your inserest and hone we may
bc of scrvice to you.

Yours vcpy truly, .

C,,.x' S F—mu& \

Ficld Heorcsentativ
Induuizxal Products D1v.

D. G, Roucy Jr.

Cc-13
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THE GCCDYZ R TIRE & ZI32ER COMPANY
LIDU3TXiaL PXODLLTS DIVISION

Juotation Provisions

Price 1lists and quotations are subject tc change without notice, Prices in
accepted orders are also svbject to change by Goodyear, but the Customer

will be notified of any price increase and may cancel any undelivered portion
of the order by written notice to Goodyear delivered not more than 10 days
after notification of the incraase, Upon cancellatien, the Custemer ahall
have no 1liability for the canceled portion of the order except as to goods
then manufactured or in process, componenets procured by Goodyear from out-
side sources, and special tooling and equipment procured for performance of
the order,

In addition, all prices are subject to increase from time to time to compen-
sate for any tax, excise or levy imposed upon the goods sold, or upon the
manufacture, sale, transportation or delivery of them, or whenever any tax,
excise, levy, law or governmental regulation has the effect, directly or
indirectly, of increasing the cost of manufacture, sale or delivery,

Cocdyear shall not be liable or deemed in default for failure to deliver or
delay in delivery due to any cause beyond its reasonable control, If unabie
to meet delivery schedules, Goodyear will endeavor to allocate material
fairly among its customers, but reserves to itself final determination of the
deliveries to be made,

All orders, contracts, specifications and product constructions are subject
to such changes as may be required in order to comply with any applicable law
or Government order, regulation or restriction.

Goodyear merchandise is sold subject to any standard Warranty in effect with
respect to it at the time the merchandise is shipped., Goodyear warrants that
all such merchandise sold as first-grade material will confirm to specifica-
tions and will be free from defects in material or workmanship, Material
claimed to be defective shall be returned by the customer at its expense for
inspection if Goodyear so requests. Goodyear will make an adjustment for
material it finds to be defective by repairing it, by replacement at an
adjustment price, or by other suitable allowance, Material sold as other
than first-grade material is sold without warranty,

Goodyear responsibility under any applicable warranty and otherwise is limited
to repair or replacement of defective material, and its liability is limited
to the original purchase price of the article. There is no other warranty or.
liability, express or implied, applicable to Goodyear Products; no representa-
tive has authority to make any representation, promis s¢ or agreement except as
stated herein,

Goodyear will indemnify its customers against all claims, demands and lia-
bility for any alleged or actual infringement of any patent by the material
or articles furnished under any accepted order provided the Customer notifies
Goodyear of any alleged patent infringement and upon request tenders Goodyear
the defense of the claim or suit.

c-1k




O 60IDAVEAR O
The Goodysar 11 re &R nbber Gormpary

2750 N, BROAD ST.
PHILADELPHIA 32. PA.

Jrcerther 29, 1064

Air Procducis & Chemicals, Inc.
i"e 0. Box 533
Allertovm, ¥rnna.

Attn: Mr. D. L. MeGinniag, Coutl Ingr., caonomical Evaluation
Subj: IN¢lium 3torage Dom s
Gentlomens

With rceference to owr conversaticns, we are oleased to
subrmit a suggested design and cost cstinate, =23 follous

These are estimated figur s o be uw-d bué*ntﬁrv nriccs,
Latimates include inflaticn coaiomert, 1uuomﬂtlc controls,
1nu‘l,'11'l ation coats »nd ho ' d dowm agal . o arc ouoting on
100 £4. dismcter domes with n 75 £4¢ asc iio “ctcr, which
will contain av roximatcly 500,000 cu™ic ft of *helium. This
unit is shown on the attachce dug. Z005-76CA dtd. 12-16-G4.
Pive units would be regquiiaed for ench 2.5 million cubic

ft. sitc. :

An inflation system wounld be wsrlicd with a 2 stage »nressure
systom working from an ani omev.r autorniically. An inflsation
System would 2lso contvain a st wmdby blover and srovisions for
a1 auxiliary sower source to b osuo lied by the base frcility.
T i3 estimat d that onc Tuilding 2 wotiinstely 20 x 20' x 8!
would housc the inflation couviment for two )OO 0CO cu. ft.
units. The undcrground »Hinc ©or infleviow ahould be 12" Id
with 2 rzquircd s¢r dome.

The followiny budgetary cc is 7r03vo*.ﬂ based on hy»alon on
nylon c¢xterior bag (2 nly, ard 2 singl. »ly nconr.Lne on nylon
inncr bag. These estimat s ¢o not inclui: the concrecte bass
or anchor bolts. :

Item : Cost.

100 £% dia. unit 3 102,163.00 each
Infl~tion ccuipment 4,730.50 each

Won ot Mammrn Lo enalw ) 2 771 76 anach

AJJ- \»La U.LULL A A Ladit e \ULLU A -_J /7 -y 1_/.:’ [ LAY §1
Briction Surerviscion 1,365.88 cach vnit
Tair*‘yqrcv insnecticn (2: vr bw,lu 1,365.88 cach vnit
Reconting with hy -alca (5 hr basis) 4,097.65 cach unit

C-15
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1

Y Ti_JL 5 =3y, basnd on ¢ iniiwe nrodvetion ordor of 5
9 1%s, den would b bt wrvor oy Ao Ter 1 launching ar.n.
i iul:jdl vpdt (0 dor i) :enld b criversd 6 months ~Fter

> t

T oot b ordur ot ) ovnit Luwll moask th reaft:r.

dor ~r chior, wo would & drc o oc.chion ring =und A 150 %
crone,  hnowill farcist b cr.etvics riag which e b ugcd
oir 11 mnits ~ra 2lso 1. Sicualc suoervision. A rigging
cir w0 12 to 15 men al 4l erna. wroull be furnishod b tho
brooo Tacility.  We estisimt - the Loor boyy can be uarolled
bolted 2owm, inflated » i irsocet.d in 4 kours. lhe outer
covur would reguire 8 hours by usic; b, erccetion hoon and
cranc.
In ordacr to insur. the lO @3 servic: Lif, we rocommend an
insncetion wvery 2% yerrs wud a riocont of hynalon »aint

cach 5 years. :

Our cungzinciring is bascl on the fact that the units must be
catoratically maintaincl Lo n n'“lod of 10 to 21 days while
1Y . roclkety are fueled 2. no nersa racl will be allowed in
the lraanch arca. The usefull 11f‘ of sh. containers
rioucst.d is 10 years, bazcc on 6 crcles nininmum and 24
cycles maxinum Her year. ’

The wird velocity discuiscd was u» to 100 m»h and thesc
containers arc satisfactory. It was ngrced that in winds
of ovir 100 m>sh the units would be deflated and tied down
with cargo ncts

We discussed the »nossibility of utiliuzing a vortable unit
such a5 o~ airshis.  Ths dosign and construction costs are
2rohibitive, being as>rox. 5 millioa dolloars for the.
roject.

While wo heve not built domes for 4ris soHccific use, we ara
confidunt our cxHorienc: over the mwy giars, building
airshins for the goverriint o and corm:zrcinl use, 221 utilizing
h.liur, »lus the governa.ashs ude ol onur Rndomes, ntkes our
oronosal a Oractical solutiorn for your roquiremoents.

Tcrms: Vet 10th. Proxino, 0B Rocm-rt, Goorgia. This
astimate is subject bo the Herms ~ii covailtions attnached.

Photogranhs of our Radosn iistall-tions will be forwarded
under scoerate cover o you by Frifay, J-=n. 1, 1965
- Yours v.ry truly,
alag oo 111“"‘1v..
D. G° Ron:zy Jr. Industri «1 Pt bs DAV,
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THE GOOIYFAR TIRS & RUBBYR COVPANY
INDUL TRIAL PRODUCTS DIVISION

guotation Provisions

Price lists and quotations are subject to change without notice., Prices in
accepted orders are also subject to change by Goodyear, but the Customer will

be notified of any price increase and may cancel any undelivered portion of the
order by written notice to Goodyear delivered not more than 10 days after noti-
fication of the increase, Upon cancellation, the Customer shall have no lia-
bility for the canceled portion of the order except as to goods than manufactured

or in process, Gsmporientd Precured WY 008AYeAF frem outside sourddd, and APRGial
tooling and equipment procured for performance of the order,

- In addition, all prices are subject to increase from time to time to compensate

for any tax, excise or levy imposed upon.the goods sold, or upon the manufacture,
sale, transportation or delivery of them, or whenever any tax, excise, levy, law
or governmental regulation has the effect, directly or indirectly, of increasing
the cost of manufacture, sale or delivery.

Goodyear shall not be liable or deemed in default for failure to deliver or
delay in delivery due to any cause beyond its reasonable control. If unable to
meet delivery schedules, Goodyear will endeavor to aliocate material fairly
among its customers, but reserves to itself final determination of the deli-
veries to be made,

A1l orders, contracts, specifications and product constructions are subject to
such changes as may be required in order to comply with any applicable law or
Government order, regulation or restriction,

Goodyear merchandise is sold subject to any standard Warranty in effect with
respect to it at the time the merchandise is shipped. Goodyear warrants that
all such merchandise sold as first-grade material will conform to specifications
and will be free from defects in material or workmanship, Material claimed to
be defective shall be returned by the customer at its expense for inspection if
Goodyear so requests, Goodyear will make an adjustment for material it finds to
be defective by repairing it, by replacement at an adjustment price, or by other
suitable allowance., Material sold as other than first-grade material is sold
without warranty,

Goodyear responsibility under any applicable warranty and otherwise is limited .
to repair or replacement of defective material, and its liability is limited to
the original purchase price of the article. There is no other warranty or
liability, express or implied, applicable to Goodyear Products; no representa-
tive has authority to make any representation, promise or agreement except as

stata’d ha .
SLaved ferxrein,

Goodyear will indemnify its customers against all claims, demands and liability
for any alleged or actual infringement of any patent by the material or articles
furnished under any accepted order provided the Customer notifies Goodyear of
any alleged patent infringement and upon request tenders Goodyear the defense
of the claim or suit.

Cc-17




Ceptenber 15, 1964

Mr. Je A. Menke

Viron Division

Goeozhysics Corporation of America
Char-Gale BPuilding

Anoka, Minnesota 55303

Deaxr Mre. Menkes

This 18 a confirmation of our tclenhone conversation of 9/15/64 concerning
the use of Viron products es cs:iile ges storaze containers for recovered
helium with small quantities of nirogen, cxyzen nad hydrogen preseut.

The helium will be recoverdd frau -rarious rrenaratory operations performed
on the Saturn V launch vehicl2s nt seven separate locations contained
within a rough square four miles o2 a sida.

A collection and/or storage capability of €0,990 lb. or 6,000,000 scf over

- & perlod of two weeks 1s required. The maximun amount collected would be
920,000 scf per one woeking day nt one locition. The minimum emount collected

would be less than 50,000 scf pe:r one working day over a 45 day period.

Exact collection rates vary bt tho maximur rate 18 apprcximntely 6000 lcf/
minute,

The main restriction placed o2 this recovsery system 1s that no new or
additional equipment is to be adcad to the operationsl structures. Others
are that the recovery equipmcat s not to intarfere in any way with the
launch preparation operationc. (li rocovary gperations ars to be performed
such that rno back pressure is pliuced on the soarce of the helium.

A design condition 1s that thi sf.o:'ege equipmiat be designed to withstand
vinds of hurricane force (125 mph o .28psi).

At this time, we request the folloring infcrmation from yous
1) Storage container leala;je and diffusion rates - halium out

and sontaminants 41

WAL PUTAARAASDD WS o A

2) Type (8) of storar: structure (s) recommended
a) fixed or mobil:
b) rigid, semi-rizid o free-fcim
¢) materials of congiruction
4) practical size 1lhds and sxpty welights

c-18



ire Je A. }onke
Viron Division
! Gcophygics Corporation of Ame: ‘'ics

\ September 15, 1964
|
| Page - 2

| 3) Llife expectancy an¢ un’er what coslitions of use and
' maintenance.
| 4) Desipgn standards recomzeaded for storege of this type (s)e
‘ S5) Practical limits or rate of £111 for this particular type
‘ (s) of storage.

6) Approximate cost of storiges of this type (s) per some unit
’ silze.

7) Limitations if any of “his type (5) of storage.

As stated during our conversatton, “he normal nsans of atora.go = compressing

gas 1nto tubes - 18 not pricticil in this dinstance bDacause the high rates
of aupply at different locaticis vould nec=23sitizie scveral large coupressors
vhich would be too expena:lva +3 bo used intermlitiently.

Very txuly ;ours, -
AIR PRCDJUJ"! AID CE@I.'ICAI.S, INc,
/s SRR
/; f y ~
/@ /iw
Da.niel L. Mcc.l.nnis
cost Englneer .
Economic Evelduation

DLM:amp




CO (») Cﬁ
VIRON L_i

A DIVISION OF GEOPHYSICS CORPORATION OF AMERICA / CHAR-GALE BUILDING, ANOKA, MINNESOTA 55303
AREA CODE 612-421-6960

October 9, 1964

Mr. Daniel L. McGinnis
Air Products and Chemicals, Inc.
Allentown, Pennsylvania

Dear Mr. McGinnis:

This letter is in reply to your. inquiry to James Menke dated September 15, 1964,
concerning gas storage containers for recovered helium in connection with the
Saturn V launch vehicles.

DESCRIPTION OF STORAGE CONTAINER

The type of storage container we recommend is an inflatable structure having
the shape of a half-cyclinder with quairter-spherical ends. It is essentially a
two compartment structure separated by a flexible wall which permits either
compartment to expand to assume any portion of the total volume of the container.
One compartment is for storage of helium while the other serves as a variable
displacement air chamber to majntain pressure on the outer envelope thereby
sustaining the external shape of the container. A pressure activated relief
valve and blower combination is incorporated in the air chamber to transfer air
into or out of the air chamber to compensate for the transferred helium,

The structure is anchored in position by a base anchoring system around the
perimeter of the container. The anchor system consists of a concrete footing to
which the base of the structure is firmly attached.

Due to a combination of structural and practical limits of size, a number of
containers of a limiting size is required to provide a storage capability of .
6,000,000 scf. The containers ar: connected to a common manifold. A blower and
plenum arrangement transfers the helium from the source to the manifold and
maintains a condition of no back pressure on the source.

STORAGE CONTAINER PARAMETERS

a. Material of Construction -.urethane coated nylon fabric.
1. Main envelope 32 oz. per sq. yd.
2. TFloor _ 16 oz. per sq. yd.
3. Inner compartment 8 oz. per sq. yd.

Cc-20



Mr. Daniel L. McGinnis -2- October 9, 1964

STORAGE CONTAINER PARAMETERS (Cont'd)

b. Size
1. Width 92 feet
2. Total length 212 feet
3.  Volume 600,000 feetS

C. Total weight of Inflatable Container - 12,000 lbs. (approx.)

d. Approximate Diffusion Rate

1. Helium out 100 cubic feet per 24 hours
2. Air in 25 cubic feet per 24 hours
e. Blower size 6000 CFM at 11 inches Hy0

GENERAL

Life expectancy will be largely a function of exposure to the elements and
careful uauu;lﬁg pi‘GCeuuLca uurmg installation. Resistance to abrasion and
weatherability is very good for urethane coatings, consequently we would estimate
the life expectancy of such a storage container to be approximately five years

of continuous usage. Little or no maintenance would be required.

We know of no design standards for this type of helium storage. The closest
related standards are probably thosz for "Air Houses'" or "Air-supported Structures'.

The limitations on this type of storage are ptimarlly limitations in size due
to material strength. The width (diameter) of the structure is limited to
approximately 92 feet under the design conditions specified in your letter. There
are no practical limits on the rate of fill since the system can be designed for
nearly any-desirable rate.

The cost of a storage system‘as described above having a storage capacity of 600,000
cubic feet is approximately $150,000.

Thank you for considering Viron as a possible source with respect to this requirement.
If you have any further questions do not hesitate to contact us.

Sincerely,

VIRON DIVISION
Geophysics Corporation of America

John R. Breckenridge
Engineer

JRB/nw
c-21



SILCAN 770 SION
;077 Avenue of . o orcus (et ntest)

New York 18. Nv v+ “c ~  Plansyn. iz €-0000 - Teletype: New York 1-111

October 9th, 1964

Mr. D. L. McGinnis
Air Products & Chemicals, Incorporated
Allentown, Pennsylvania

Dear Mr. MecGinnis:

Thank you for your letter of September 28th. Unfortunately,
I cannot add anything further to our telephone conversation of
October 7th. 1It appears that breather balloons would be unsatis-
factory for your particular requirement due to the fact that the
pressures involved are too great and the anticipated volume  is. far
too large to make breather balloons practical. As stated, I feel

that a vapor sphere: or some other type of pressurized holder would
be more satisfactory.

If our engineers can come up with any practlcal solutions,
we will forward the informstion to you.

Sorry we could not be of further service.
Very truly yours,

REEVES BROTHERS, INC.
VULCAN DIVISION

A0
/Zo 2){ ‘§ ,ZT?LJQ
E. R. Albert
Sales Manager
ERA: jts

cc: Mr, J. Hartwell

c-22



GENERAL AMERICAN TRANSPORTATION CORPORATION
380 Madison Avenue * New York 17, New York * OXford 7-2525

October 28, 1964

Alr Products & Chemicals, Inc,
P. O, Box 538
Allentown, Pennsylvania

Att: Mr, D. L. McGuiness .
Re: Helium Recovery

N.A.S.A, 2roject
Kennedy Space Center

Gentlemen:

The following will refer to our exploratory discussions recently .
to determine the essential criteria in the problem presented you
by N.A.S.A, regarding recovery and purification of helium. In
view of the fact that your current thinking is along the -lines

of a separate container at each launch position serviced by a
mobile compressor transport, and since the location of your pur-
ification unit 1s not yet determined, we would offer the following
commentary:

On consideration of a rizid structure, on which I understand no
approval has yet been indicated, we would recommend your consid-
eration of the Wiggins Gasholder, counter-balanced to afford the
minimum collection back jsressure, Except for the fact that ad--
Jacent sites are not closer than two miles and the launch sequence
not known, 1t may still be possible to use one structure for two
sites, This, of course, would require running light wall plping
between with pressure sensitive boosters and with the containment
structure located somewhere between the adjacent sites,

In order to facillitate your considerations I am attaching copiles
of our brochures entitled "The Wiggins Gasholder", "Wiggins
Conservation Structures" and "Vapor Balancing Systems", with the
latter being considerably out of date but included for your in-
formation., Separately attached, I have also noted specifics

- - - Al maammmes e sV Aleao o
~relative to the capacity ranges and operating pressures of three

types of vapor containers, of which you will note that the only

structure affording the capacitles which you will require 1s the
Wiggins Gasholder. I believe this sheet will supply most of the
general information requested in your letter of September 28th,

addressed to our Mr, J. C. Thompson.

c-23
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GENERAL AMERICAN TRANSPORTATION CORPORATION

-2

Alr Products & Chemical:s, Inc.

While the polyethylene bag test which you described was suc-
cessful, in the capacit.es involved here we would be much
concerned about the posiibility of wrinkle and aging failure,

and the sultable manufac:ture and fabrication, While this,
theoretically, would adiirabtly meet the requirements, if your

investigation should indicate that this 1s not feasible, then
I think the rigld structcure as indicated above should definitely
be considered,

When the operating criteria are more clearly resolved, since
General American is precminent in the low pressure gas storage
field in the United Sta:es,would further suggest your consider-
atlon of a design study contract with our corporation including
possibly, an option to construct, on this project. With seven
identical installations we feel that definite economies can be
effected whether on the Wiggins Gasholder at the approximate
figures indicated, or any other,

I have also included a general specifilcation applied to a Wiggins
Gasholder proposed for tvhe City of New York which will serve to
1lluminate the data showm on our separately attached comparison
and commentary sheet.

In accordance with our discussion, this data 1s transmitted for
your consideration and upon completion of same we would be pleased
to meet with you to explore this further,

Very truly yours,

GENERAL AMIRICAN TRANSPORTATION CORPORATION
“ . . M“A——
N. M, Wiseman
Sales Engineer
NMW:1g

Enclosure

c-2k
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GENERAL AMERICAN TIANSPIRTATION CORPORATION

PROPOSAL NO.: 42886

CITY OF NEW YORK
=== e e e e s,
WIGGINS GASH(LDER SPECIFICATIONS
Capacity 300,000 cu. ft. _ Shell Inside Dia. 79'-8-3/4" x 76'-4-3/4"
Working Pressure . | .
‘(Inches of Water) 4 _ Snell Height 741 -8-1/4
' Shipping Weight 527130# .(Est.)’
Gas to be Stored - : _ Instelled Weight 559, 13C# (Est.)
I. GENERAL DESCRIPTION:

N S Y B A b LA A& Llaa LITAATIA AACITAT N
4% PriliCiP - € oL OPSTHCLON OL Wi wilUuilNo uvaoaUoosin

is primarily a piston in a cylinder with a gastight seal that
allows the piston to riove In the cylinder without friction or
contact. For medium cnd large cepacity gasholders, the piston
is supplemented by a structural framework called a telesco ing
fender that moves verilcally In the annular space between the
piston and shell and «serves to kecp tne gasnolder shell to a
minimum and economicai height. The gas is contained 1n the
space provided by the bottom, lower portion of the shell, in-
ner and outer seals, ind viston, The variation of the gas
space i3 obtained by ihe vertical movement of the piston and
telescoping fender. ‘'he cperation of the gasholder 1s such
that only the piston riovss for fthe first 1/3 of the gasholder
capacity. For the rensaining 2/3 of the gasholder capacity the
telescoping fender and piston move vertically as one unit. '
The guiding of the piiton in the gesholder shell 1s accom-
plished by the seals :nd the balancing system. The seals
maintain the piston and telesconing fender centered in the shell
and prevent the rotation cf these two structures. The balanc-
ing system, to be described later, mainteins these structuras
in a level position. To protect the gasholder from overfilling,
a volume control valvs is furnished which is mechanically oper-
ated by the piston. “'he specified operating pressure when
greater than the pistun steel weight (approximately 2.5") 1is

obtained by placing concrete weights on the piston.

Specification Sheet WGB-1l

-26
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GENERAL AMERICAN 'RANSPORTATION CORPORATION

PROPOSAL NO.: 42886

TO0: CITY OF NEW YORK

A T e e R R RO -

II.

III.

MATERIALS:

All structiral shapes ard bars will conform to
the most recent ASTM specifications A-7, standard specifi-
cations for steel in bricdges aaz tuildings. All plcetes
shall conform to the most recent ASTM specificaticns A-283,
Grade C, standard spacifications for low and intermediate
tensile strength carvon steel plates of structural quality.
All sheets will be of cormercial quality.,

STRESSES:

The gashol isr shall be designsd to safely with-
stand all stresses to> which it may be subjected within
permissible daflecti-n. The design shall conform with the

following building cydes:

-
ES

American Tistitute of Steel Construction....l9u8
American W3lding Society Standard

Rules for Field Welding of Steel

Storag_e 'Pankﬁooooooc.QQQQQ'lootooooosoo-oooolql‘.'l

The summary of “he design stresses for A-7 stesl
as specified in the above codes are as follows:

Tension =we-wecceceea.- cemcecnccea— - 20,000 1b. per sq.in.
Compression ce==17,000 - 0,l:85% (l/r)2

maximum 1/r 120 for main members

maximum 1/r 200 for secondary members
Bending e=====c==-=---- et 20,000 1lb, per sq.in.
Shesr ww=we in net séction of welds- 13,600 1lb. per sq.in.

Shearing stress ~ebs of beams -e=-- 13,000 1b. per sq.in.
Shearing stress %0lts ==-e-ccmcca-- 10,000 1lb. per sq.in.

Bearing stress milled surfaces -=--- 30,000 1lb. per sq.in.
Bearing stress fitted stiffeners =-- 27,000 1lb. per s3.in.

Specification Sheet WGB-<
co7 5/1/53
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T0: CITY

GENERAL AMERXCAN TRANSPORTATION CORPORATION

PROPOSAL NO,: 42886
OF NEW YORK

M = & = o — e — ]

Iv.

V.

VI.

(/0 Grre)

FOUNDATION:

Unless otlierwise spocified, the foundation will
be furnished by others. Design loadings for the foundation
will be furnished or. request., In general, where the pro-
posed erection site has a soll bearing capacity of 2000#/ft%
a ring wall foundation under the shell and a sand pad over
the grade will be sufficient. For preliminary estimates of
the foundation, the installed weight of the gasholder given
on page 1 can be uscd. . ' )

BOTTOM:

The bottor: shall consist of 3/16" plates lap
welded with a 1-1/4% 1lap, laid directly on s sand cushion or

N .. 3. LS — . n______ B € . " R - e
foundation as furnisrhed vy others.
SHELL:

The shell shall consist of two cylinders with an
offset which 18 lmowvn as Type B econstruction. The elevation
of ‘this offset is approximateiy 11!'-0" . The lower shell
has an inside diameter of 741_g_31 /4" » and the upper shell
has an inside diameter of 77o6'-U4-3/4L7 « The shell consists , o
-of 37IBY plate,and the vertIcal and horlzontal seams are-butds 7
welded. Gastlght construction is required for approximately
the lower 5% of the shell. The shell above the outer seal

"connection serves as an abutment surface and weather housing

VII.

only. The shell is designed for 30 1lbs. per sq.ft. dynamic
wind load pressure with a 0.7 coef'ficient of drag factor on a
cylindrical shell aind is stiffened by vertical and clrcum-
ferential stiffeners where necessary. The vertical loads on
the shell at the ofi'set are carried to the foundation through
structural supports. , :

ROOF AND ROOF FRAMIMNG: .

The roof !s a cone.-with a pitch of _3/4: in 12"
and is supported by radial trusses, rafters and transverse
beams., It is desigied for a 25 1lb. per sq.ft. snow or live
load. The roof consists of 3/16" plates and lap welded con=-
struction with a 1" lap. The roof trusses and other support-
ing Iramework are ol welded and bolted construction.

c-28 ’ Specification Sheet WGB=3
5/1/53



GENERAL AMERICAN TRAN3SPORTATION CORPORATION

PROPOSAL NO.: 42886
T0: CITY OF NEW YORK

e e S S —

VIII. PISTON:.

The pistor ccnaists ol a flat bottom, structural
reinforcement and a vertical fender at its periphery. The
bottom consists of 3/16" steel plate and lap welded con-
struction with a 1" lgp. The siructural reinforcement cone-
sists of radial members and cross bracing. These members
are designed to withstend the full load of the pision and
concrete weights when th: piston is supported on pipe sup
ports which is the maximum loed condition. The piston fen-
‘der consists of a framework of structural members and an
abutment surface of #1ll. gzage spiral sheets bolted and/or
welded to this framework. The fender abutment surface is
designed to control seal distribution and to withstand the
compressive loads irpoced on it by the gas pressure seting

through the seal, T

Pipe suppcrt nozzles are provided in the piston
to make access to the underside of the piston possible., The
pipe support nozzles &are so arranged that with the piston
floating at an elevstea wosition it i1s possible to install
support legs in the nozzles. Tnis permits landing the pis=-
ton at an elevation ol approximately 3' above the bottom,
Pipe support legs, unless specifically specified, are not
furnished with the gasholder.  (NOTE: It is felt that fab-
rication of pipe support legs when they are needed to in-
spect the bottom of the zasholder and underside of the pls-
ton, will be more sstisfactory because of the probable lapse
of time between comrletion of erection and inspection.)

The concrete wsights used to obtain the specified
working pressure of the gasholder are placed directly on the
piston bottom.

IX. TELESCOPING FENDER:

: The telescopinzg fender consists of a bottom cir-
cular girder, a framework of structural members, and a top
girder. An abutment surface for the outer and inner seals
of #1li gage spiral sheets 1s bolted and/or welded to the
frameworke. The telescoping fender is designed for the com-
pressive loads impoced by the working pressure acting through

the seals.

Specification Sheet WGB=-l
¢-29 5/1/53



TO

-GENERAL AMERICAN TR'NSPORTATION CORPORATION
PROPOSAL NO.: 42886

City of New York

Xe .

XI.

XII.

SEALS: -

There are " wo seals Iin the Typo B gasholder -« zn
outer seal and an inna:* seal. ‘The outor scal extends froxn
the shell connectio:. to the botiom gastight circular gi:rdor
of the telescoping .'ender, and th: inner seal oxtends from
the telescoping fencer to the pistoa., The seal material
is composed of a sy:thetic rubber compound reinforced with
fabric yarns that are nct suscoptible to rot, weathering,
o> chemical reaction, Thoe Cuuil has u Temperature range of
180° to =400 F, Tho scals scrvo as the gastight closure
between the piston %eloescoping fender and shell,

LEVELING SYSTEM:

To maintai:.i the plston and teloscoping fender in
a level position, tihe gesholder is equipped with a level-
ing system that coniists of a weight that imposes an uplift
at two diametricall s opposito points on the piston., The

‘leveling weight travels vertically in a guide framd on the

outside of the gashonldor shell and acts on the piston through
Bethanized or equal cavles that are supported by cable

sheaves placed on the roof of thne gasholder., The leveling
system will balance an eccentric live load on the plston or
telescoping fendér aqual to the weight of the levoling weight.
To balance the piston and telescoping fender in all quadrants,
two weights are use:d ané placed at 90 degrees to cach other,
The piston is designed to be irn balance, and no normal eccen-
tric loads are pressnt, The csble sheaves are equipped with
bronze bushings and are supported by corrosion resistant
shafts on a suitabls sctructural steel frame, Provisions are
made to adjust the ilengths of the leveling weight cables and
to permit alignment betveen the sheaves and piston. All
parts of the leveliig 3ystem are external to the gas space
and are readily accussible for inapection at all times.

OPERATING OR WORKING PRESSURE:

The WIGGIN3 GASHOLDER shall be designed for the
following operating pressures:

0 to 1/3 falle.veecene 2.73" * {nches water gage

———————

1/3 full to fulleeceeeo_ = inches water gage

Specification Sheet WGB-5
10/19/5L
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GENERAL AMERZZCAN TRANSPORTATION CORPORATION
PROPOSAL No.: 42885
T0:  CITY OF NEY YORK

[—— — T S o e e e R T T S T SRS e e TR

XIII. ACCESSORIES:

A. The roof will be 6quippod with a suitable number of
ventilator type 20" rnianways. '

B. The shell will haive access coors in the non-gastight
portion located ilong the stairwayv or adjacent to the
ladder, whicheve~ is furnished, to provide access to the
top side of the »>iston at all elevatilons.

C. The shell will have covered and screened ventilator
openings in the 1on-gastight portion. The number will
be consistent with the size of the gasholder and the
vents will be symmetrically arranged vertically and cir-
cumferentially t> give uniform ventilation.

D. The shell will b3 equipped with 1 l20" shell man-
ways located in :he lower shell and 20" shell
manway(s) in the upper shell above the offsets

E. The piston will oe provided with 1 20" manway(s).

F. 3 condensate box(es) will be provided to drain the
bottom. (The bottcm of the WIGGINS GASHOLDER can be
crowned slightly to provide good drainage).

G. An indicator board calibrated in units of volume will be
furnished. This indicator is located adjacent to one of
the leveling weights and the volume 1is .indicated by a
pointer attached to the leveling weight,

He A volume control valve to protect the gasholder from
overfilling will be rurnished. The csapacity of the valve
will be —286500C cu.ft. per hour based on a gas spe-
cific gravity of 1.0 and the maximum operating pressure
of : inshes water gage.

I. A pressure gage mounted on the shell will be provided to
indicate the pressure of the stored gas.

J. The following nozzles will be provided: 1 - 18" , .
Unless otherwise spscified, the length of the nozzle will
be 6", it will be located ih the lower shell, and 1t will
be furnished with & full face flange. Nozzles smaller
than 4" will be threaded.

c-31 Specification Sheet WGB=-6
5/1/53 ‘ -



GENERAL AXTRICAN TRANSPORTATION CORPORATION

PROPOSAL NO.: 42886

TO: CITY OF NEW YORK

X1V,

NI,

ACCESSORIES: (Contiaued)
K, Access to the rorof will be provided by:

[:] An individial tread type steel spiral stairway
welded diractly to the saell.

[:1 A straight cagced ladder welded directly to the
shell.

X Zig-Zag stairs
WELDING:

" Vieldipg on the rasholder shell will bhe in accord-
ance with the American Velding Society Standard Rules-
for Field Welding of Steeol Storage Tanks, 1947,

TESTING:

The welds in the bottom and piston bottom will be
tested with a standard vacuum box and soap suds at a
vacuum of not less than 5 1lbs. The seal connections to
the shell, telescoping fender and piston will be tested
for gas tightness by soap suds or by flooding with water
at the gasholder operatinjy pressure atter the gasholder
has been completely erected. The remainder of the seams
in the gastight portion of the gasholder will be tested
at the specified working pressure by a standing leak test.

DRAVINGS:

For Approval:-
3 - coplies of Guneral Arrangement
After Approval:-
5 - copies of General Arrangement
Additional drawings (r complete detail drawings will be
furnished at extra ccst.

c-32 Specification Sheet WGB-7
11-3-61
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Tamter Decmaber 30, )9eh

YRIF REPCF!
of
L. J- Kelemen and D. L. McGinnis
Helivm Recovery Study {for MSLA

NASA Coniract Number NAS10-1472
APCL Project No. 00-4-1165

The purpose of this trip was the gethering of informaiion concerning the
flexible low pressure storegs containers,used by NASA for the storage
of low pressure heiium,as febricated by Birdair Siructwres, Inc. of

Buffalo, N. Y.

The following summerizes the inforretios obieined from persconnel &: MNASA's

Lewis Research Center, Cleveland, Ohio, December 29, 106k,

'I’uesday_q-_- De cenber 22 s _lg

-]

MASLO-15T2

Persons Coatacied: R F. Hanlon, NASA
M. Scharer, NARA

After arriving at Lawis Research Center, our anibi2l conkfct s with
Mr. Scharer who briefly described the storege containers and iheinr usage
at Lewils and presented us with five black-and-white pictures of these

enntainers. He then introduced Mr. Hanlon whoe had wvoryed with thes2

containers since their instellation at Lewis. After hearing owr require-

C-3k



Alr Preduere end Cheminsis. inc.

Date: December 30, 1964

Trip Report - Page -~ 2

ments and stating that all of their problems were connected with contaminetion
of stored pure helium by air permesating through the inner bag at the rate of
140 to 150 ppm per day, they advised that this type of storage should be

compatible with our needs. The full report is outlined below,

The two storage containers used at Lewls Rese&rch Center are true hémispheres
92 feet in diameter and each capable of containing 200,000 sef of helium

at a pressure of approximatelfy one inch of water. Each confainer is composed
of an inner hemisphere to contain the hel:':um and an outer 11eﬁisphere to
‘provide proteciion from the weather. The inner hemiephere material is
hypalon-coated nylon fabric and as used at Lewis has & laminate of aluminized
nylar on the helium or inner side. The outer hemisphere is made of neoprere
coated nylon fabric, the outer surfece of which is given & final cost of
hypalon which acts both as & weathering agent and as & sunlight reflector.
Blowers are used to inflate the outer shell with sir. The air inside is
vented through calibrated vents at the top to ‘prevent accumulation of
stagnant air inside, permitting work inside while the shell is inflated.

The ox_xter ‘bag has a personnel hatch and two twelve inch windows’ to allow
observation and actual inspection of the helium conteiner while in use.

The outer sbe}.ls_ are designed for steady 75 MPH winﬁ.s with gusts up to

8_5 MPH. However, the main enemy is not wind but the sun which deteriorates

Cc-35



Siy Products and Chemica'sn. no.

te:  December 30, 1964
Trip Report - Page -~ 3

the nylon. This‘is ihe eventual cause of failure. The containers now at
Lewis are one and four years old racpectively, the four yzar oid cuter shell
having had no meintensnce during ihet time and due for replacement soon.
With proper raintenguce, painting the outer surface with hiypalon every three
yuérs, the structure c¢an be expected to have 3 gervice life of approximately

ten years.

The persistent problem at Lewis with these contalners ie the permeation of
air from the ocuter shell at 1 to‘lml/a inchés of water into the helium in
the innmer bag at approximetely 0.1 inches of water less thon the outer
shell pressure. This permeation adds an average af 147 ppm per day of
contaminants to the heiium. Because of the helium baing &t a lower ebsclute
pressure then the air in the outer’shell, the 1033 of helium‘by permegtion

is minimized.

Contemination of the contained helium at the levels monticned above would
not affect €WFOBY" of these containers for a helium r2covery system at
MITA. The added level of contaminazion would not be anough to cause
resizing of the purification plant. Other factors such as aveilsble

compressor sizes and performance ranges would affect piant size wmore.



Air Products anC Chemieals, Sho -

Date:  Yecember 30, 1964

Trip Report - Page - 4

Jlenkage would be less than that lozt during gos wrensfers. During the
developrent of the final desigr uzed ac Lowis now, there were two failures

of the outer shell. th failures iavolved failure with hoop or eircum-
ferential seams. Adhesive wes applied, the seans resealed and o precautionary

band cemented over the seams. There have been nc further failures of this

kind.
During this fallure, &s duriug = blower Talluce, ile ouler shell ooliapsed

slowly onto the inner container and rempined there while the inner container
was collapsed in withdrawing the helium. After £11 the helium wos taken out
and both bags lay on the base, repairmen welked oui, fixéd.the dofect as
described abové, &nd‘then started tre blowers to return the outer shell to
normal., The whole procedure can ba finished in 5 or 5 hours &fter the

be.gs have been deflated.

c-37



APPENDIX D

DAniand VALLEY SALES GRTICE
1, 0. POX 162, CHERRY HILL, N. U ,, Decembar 18, 1964

Air Products & Chemicals Inc.
P.0. Box 538
Allentown, Pa.
Attention: Mr,., Dan Kelloman
Subjects SB 004-1165
Decar Mr. Rcllemans
Confirming recent converiaticn with ovr Mr. L. Kratz, we are
enclosing specification shecxt and estinate on COrbun cOmprouars
to meet your requiremantas.
. Bulletin 4074A, along wi'h general crosg saction drawing,

volumetric efficiency cu:rve 2nd dimension prints for units
offered are enclosed. :

The writer will contact “ou zhox:tly :.egard.'mq your requi:mnta
and further discussion.

Sinceroly youra.

AMERICAN INSTRUMENT CO. ,INC.-

J'Wc/vcl/md‘ . John ¥, Crump
Encls. . A

B L
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I.

COMPRESSOR QUOTATION FROM FULLER COMPANY

DIVISION OF GENERAL AMERICAN TRANSPORTATION

Sutorbile Lube-Type

Cost W/0O Motor

Motor

BHP

H,0
Aftercooler
Weight

Dimension

2
$15,000

500 HP

600 RPM

Induction

495

2700

12000¢
11'L x b'w x 6'H

Recip.

$3,600
5 HP
1800

V Belt

205

1l gpm
215°

17007

T'L x 2'W x 3'H

=
$6,500

200 HP

1200

Induction

168

300°
2500#

8'L x 2'S"W x 3'H




COMPRESSOR QUOTATION FROM ROOTS-CONNERSVILLE

1. 45,5 scfm Unit - not able to handle @ 8 psig due to high temp. rise

- prob 4-5 psig or higher cfm -

2. 8300 cfm@ 6 psig Unit

Bhp Motor
1854 RGS 580 rpm Dir. Comn. A 365 400 hp
1841 RGS 700 rpm Dir. Conn. 335 350 hp

(Not Synchronous)

Temp. Rise  Costs W/O Motor Include
143°F $15,200 Silencer, Guard, Exp. Joints
131°F $1k4,600 & Mounting Motor

Approximate Weight - 14,0004  W/O Motor

Direct-Connected - Add Motor Dimension to L

L = 99" + Motor

W = 43" 24" @ inlet, 18" @ outlet, allow piping space

H = 60" silencers, use some reason HT = 10'
Silencer

Inlet = 129"

Outlet = 129" + extra (no info available)

D-k4



Roots-Connersville
Page Two

3. 5200 cfm @ 6 psig
1hh2 RCS
795 RPM
\'s Belt Drive
235 Bhp
140°F Temp. Rise

$11,300 W/0 Motor

11,000 1bs. weight

Dimensions
Motor + Blower side + side
L = 86" parallel to L is V Belt + Motor

W = 35" %*Add Motor

H = 47" (Silencers included in height)

*W = Motor + V Belt Drive
Line Sizes
20" @ inlet

18" ¢ discharge

Blower and Motor vertical

with

LS

Intercooler and Silencer = 112" Height

Quotation obtained from John Kash by telephone.
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VEHICIE IAUNCH SITE INFORMATION
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APPENDIX F

MISCELLANEOUS REFERENCES
1. NASA Memorandums received during the study.
2. Engineering and Cost Data from the following sources:
Published Commercially Available References.
a. Manual of Industrial Construction, Estimating and Engineering
Standards
Richardson Engineering Services, Downey, California

b. Cost Engineering Notebook, Published by American Association
of Cost Engineers

c. National Construction Estimator, 1960 Edition, Craftsman Book Co.

="

Engineering Data Book, Natural Gas Processors Suppliers
Association, 1957.

3. Past experience of Air Products and Chemicals, Inc.
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